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ABSTRACT 
HFC-134a is currently considered as a prospective substitute to CFC~l2, In this paper, the authors introduce experimental research on PVT, Vapor Pressure and Surface Tension of HFC~134a. The reliabilitY of the present data is verified by comparison with other research. A Vapor pressure equation for HFC-134a is also proposed. 
INTRODUCTION 
In the past several years, the depletion of stratospheric ozone and the greenhouse effect have lead to increasing concern. When released into the atmosphere, Chlorofluorocarbons ( CFCs) are important contributors to these effects. 
HFC-134a,l,l,l,2-tetrafluoroethane 1 is considered as the most promising substitute for CFC-12 at present. Since 1989 ,we have measured PVT properties in the low temperature range by using the well-known Burnett method, Vapor Pressure data by using the constant volume method and Surface Tension by using the differential capillary rise method for HFC-134a. Based on a consistent and reliable data set, a Wagner type Vapor Pressure equation has been established. This equation contains only four coefficients and correlates the measured vapor pressure with the highest accuracy, 
PVT PROPERTIES OF HFC-134a The Burnett method was uaed for measuring PVT properties of HFC-l34a. The experimental apparatus is shown in Figure 1[1]. The pressure and temperature range of the present experimental apparatus is 15HPa and -30-150"C , 42 PVT data points for the gas phase of HFC-134a have been ~easured. The uncertainties of these measure~ents are less than :15mK in temperature and ±2kPa in pressure, respectively. The sample used had a purity of 99.98wt~ (Shanghai Institute of Organic Chemistry) or 99. 95"( Du Pont). Table 1 shows the measured PVT data of HFC-134a. Table 2 shows some experimental studies for PVT properties in the gas phase of HFC-134a published up to date. It shows that the present experimental conditions are similar to that of other work. 
The present experimental PVT data as well as those reported by Wilson et al. (2] 1 Weber[3], and Piao et al. [4] are compared with the equation of state developed by Piao et al.[5] in Table 3. Figure 2 shows the pressure deviation of the experimental data fro~ Piao' s equation. In Table 3 and Figure 2; it is shown that the present experimental data appears t'? be consistent with the 
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other data measured by Wilson et al., Piao et a
l. and Weber. The 
RMS DEV. and Max Dev. in pressure is abou
t 0.42% and o.S% 
respectively. Some data at less than 360K are pr
oposed. 
VAPOR PRESSURE DATA OF HFC-134a 
43 vapor pressure data points tor HFC-134a h
ave also been 
fll<:·r•:-->ur·(·d. 1'\H· nJ11'·01 '·1111<..: ~-~·~: tlt·!-:cribed in [6]. 
The une.,rLaint.ies of these measurements are 
less than 
:1.10mK in temperature and ±500Pa in pressure r
espectively. The 
samples used were either of 99.95 wtX or 99.98
 wt% purity. The 
t.<""'l''"' .. ~.,,.,. ,.,.,,!,,., was from 279.15K to 363.15K. Table 4 gives the 
vapor pressure meaRured by us together with the
 values calculated 
from the new vapor pressure equation (1) to be m
entioned later. 
The present data as well as those reported 
by Wilson et 
al.(2], Kubota et al.(7], Piao et al.[4), 
and Weber(3] are 
compared with the equation (1). The results are 
listed in Table 5. 
Table 5 shows that the present experimental da
ta is reliable. 
VAPOR PRESSURE EQUATION FOR HFC-134a 
To select a reliable vapor pressure data set 
with a wide 
temperature range, all the experimental vap
or pressure data 
mentioned above were statistically analyzed 
to exclude from 
subsequence investigation any low precision da
ta [ 8). The final 
temperature range and the number of data points 
for each selected 
vapor pressure set are listed in Table 6. 
Based on this consistent and reliable data set, 
a Wagner type 





7 )/Tr ( 1 ) 
where, Tr:T/Tc, To-critical temperture,(K), 
X.=l-Tr, Pr=P/Pc, 
Pe-critical pressure,(HPa). The temperature ran
ge is f~om 210.92 
to 374.29K. The RMS Dev. is listed in Table 7, 
Ambrose et al.{9] suggested that the coefficien
ts of a vapor 
pressure equatiol'l should be restricted to those
 sets which yield 
little differel'lce in g at two low tempe~ture 1 su
ch as Tr=0.47 and 
Tr=0.52. The ratios g (Tr=0.47) to g (Tr:0.52)
 of each equation 
are also listed in Table 7. Equation (1) yields 
the g ratio closed 
to 1, so it can be concluded that equation (1) b
est reproduces the 
vapor pressure at low temperture. 
Another visual comparison of the vapor pressure 
equation and 
the experimental data reported by each author i
s given in Figure 
3, The zone-line corresponds to equation 
(1}. The ral'ldom 
distribution of the experimental data round the
 zol'le-line of the 
plot shows that equation (1) reproduces the vapo
r pre~sures within 
their experimental accuracy. 
SURFACE TENSION OF HFC-134a 
In the literature, there are only two surface 
tension data 
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sets and relations published for HFC-l34a. We have also measured the surface tension by the differential capillary rise method with the experimental apparatus shown in Figure 4 [10]. In this method, the capillary rise height is the most important parameter. The directive optical measurement S'yStem used here includes a movable "''ordinate frame, an optical level instrument and an accurate displacement sensor (the accuracy is 2-3 IJ.m). Me,.sured in this way, the deviation of the capillary rise height is less than 0.1%. 
Figure 5 shows the comparison of our data with the data from Chae et al.(ll] and Okada et al.[l21. 
A surface tension relation as a function of temperature for HFC-134a may be represent as following: 
0 = Oo (1-T/Tc) n ( 2) 
here, oo and n are listed for those authors mentioned above in Table B. It shows that our experimental data are similar to that of other work. 
CONCLUSION 
New data are presented for the PVT, vapor pressure , and surface tension for HFC-134a. The accuracy of these data compare well with previous data. In addition, a new Wagner-type vapor pressure equation is developed that more accurately represents the vapor pressure and a new surface tension equation is also developed in the paper. 
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Table 1 PVT Data of HFC-134a 
Temperature(K) 
283.15 































































































































































































Table 3 RMS Dev. and Max Dev. between experimental
 and calculated 
data. from Piao equation 
Author 
Wilson et al. 
Piao et a.l. 
Weber 
Zhu et al. 













Table 4 The vapor pressure of HFC-134a. measured values Po•p, 









































































































































First author Wilson Kubota Piao Weber Zhu 
Temperature range Z10.96- Z53.15- 308.01- 313.245- 279.15-
(K) 369.14 373.15 374.29 373.139 365.15 
Temperature 
uncertainty(mK) 30 50 10 -1 10 
Pressure 
uncertainty 0 .1" 0 .1" 2kPa -100Pa. 500Pa 
Sa~ple purity 99.95-
(wt%) 99.95 99.9 99.99 99.94 99.98 
Number of data 32 25 51 22 43 
Year 1988 1989 1989 1989 1991 
Max. deviation -0.815 -0.454 -0.255 0,0736 -0.157 
(") 
RMS deviation 0.247 0,211 0.0675 0.0557 0.0531 
(") 
505 
Table 6 Summary of selected vapor pressure for HFC
134a used to 
establish the new vapor pressure equation (1) 
Tem'Perature Number of 
Author Year range., T/K data 
Weber 1989 313.24-373.14 22 
Piao et al. 1989 353.13-374.29 4
9 
Kubota et al. 1989 253,15-278.15 
3 
Wilson et al, 1988 210.96-273.15 
6 
This work 1991 279.15-363.15 
43 
Table 7 Com.,arison of the new equation (1) with equ
ations of Piao 




Pino et al. 
This work, 













V11l "''" i" l"'rentheses are corre9ponding ones when W
eber • s and 
Piao's equation were re-fitted using the new data. 
Table 8 The data of 00 and n in equation (2) 
Items 
First Author 
Chae Oka.da 2hu 
OD ' mN/m
 60.8 62.44 57.43 
n 1. 26 1.298 1. 241 
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Fig.l. PVT experimental apparatus 
A.Primary bath B.PID temperature controller C.Overflow pipe 
D.Refrigerator E.Aux. temp. adjustor F.Pt. resistance thermometer 
G.Differential pressure detector H.Sample vessel(600ml) 
I.Sample vessel(lOOOml) J.Sample vessel(200ml) K.Secondary bath 
L.Sample bottle M,N.Pressure gage O,P.Magnetic valve 
Q.Pressure-reducing valve R.Nz bottle S.Pressure damper 
T.Oil piston type pressure gage U.Oil-gas separator 
V.Aux. temperature control W.Temperature ~easurement X.Vacuum pump 
Y.Oifferential pressure measurement Z.Pressure control 
2.0 
~Wilson lOt ol. 
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Fig,3 Relative pressure deviation between equation (1) and 
experimental data reported by each author 






Movable coordinate fr~e; B 
Accurate displacement sensor; D 
Experimental cell; F 
Light source; H 
Data accumulator; G 
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Optical level instru . ,ent; 
Digital readout; 
Water bath; 
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Chae et al. 
Ocada et al. 
This work 
Fig.5 Surface tension experimental data 
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